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CMP PAD ANALYZER 

RELATED APPLICATIONS 

[0001] This application claims priority to Us. Provisional 
Application No. 60/681,049, ?led May 16, 2005, the dis 
closure of Which is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to a system for 
analyzing polishing pads for chemical mechanical polishing 
machines and more particularly to an ultrasonic system to 
analyZe the surface roughness and groove depth of the 
polishing pad Without removing the pad from the platen 
surface of the polishing machine. 

BACKGROUND OF THE INVENTION 

[0003] Advances in electronic devices generally include 
reducing the siZe of the components that form integrated 
circuits. As semiconductor devices have become more 
highly integrated in recent years, circuit interconnections 
have become ?ner and distances betWeen those circuit 
interconnections have become smaller. For example, in the 
case of photolithography, Which can form interconnections 
smaller than 0.5 pm Wide, surfaces on Which pattern images 
are to be focused should be as ?at as possible. Further, With 
smaller circuit components the value of each unit area of a 
semiconductor Wafer becomes higher because the ability to 
use all of the Wafer area for integrated circuit components 
improves. To properly form an integrated circuit that 
employs a much higher percentage of usable Wafer area, 
contaminant particle counts on the semiconductor Wafer 
surface must be reduced to very loW levels. In order to clean 
a semiconductor Wafer and remove unWanted particles, a 
process knoWn as chemical mechanical polishing or chemi 
cal mechanical planariZing (hereinafter “CMP”) has become 
popular. 
[0004] The polishing is typically accomplished using a 
polishing pad attached to a platen surface of a CMP 
machine. A Workpiece to be polished, such as a semicon 
ductor Wafer, is arranged in a manner such that a surface to 
be polished faces the polishing pad. The polishing pad and 
Workpiece are independently rotated While an abrasive liq 
uid or slurry is supplied onto the polishing pad. The Work 
piece is then pressed against the polishing pad at a prede 
termined pressure and the surface of the Workpiece is 
polished to a ?at mirror ?nish. 

[0005] Polishing pads have a limited service life and 
become less effective over time. In turn, this results in 
inconsistent quality in the semiconductor Wafers. As the 
polishing pad begins to lose its effectiveness, the semicon 
ductor Wafers polished later in the pad’s life may be less 
smooth, possibly resulting in signi?cant amounts of lost or 
unsaleable product. Thus, the polishing pads must be 
changed from time to time. 

[0006] Current methods of determining the Wear of a 
polishing pad, and thus Whether the polishing pad is in need 
of replacement, are unsatisfactory. Analysis of the pad 
typically requires visual inspection. HoWever, the pad usu 
ally cannot be visually inspected Without removing the 
polishing pad from the CMP machine. Once removed, the 
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polishing pad typically cannot be placed back on the 
machine, even if visual inspection determines some usable 
life remains. As a result, statistical analysis, based on 
experimental determination of pad Wear over time under 
various operating conditions, is often used to make decisions 
about pad replacement. This is unsatisfactory for the reason, 
among others, that statistical analysis represents an average 
based on the Wear of previous pads and is unable to account 
for any one particular pad or variations in quality or aberrant 
pads of inferior quality. 

[0007] Furthermore, analysis of each polishing pad typi 
cally takes several hours or more and is often conducted by 
highly paid, highly skilled technicians Whose time might be 
better used on other projects. 

[0008] Another method of monitoring and analyZing pol 
ishing pad effectiveness is performing an analysis of the 
smoothness of the polished semiconductor Wafer product. 
HoWever, due to other steps required in Wafer manufacture, 
this analysis is impractical until later in the manufacturing 
process. Thus, by the time defects in any one polishing pad 
are discovered and needed replacement is determined, the 
Worn out pad may already have improperly polished many 
Wafers remaining upstream of a suitable Wafer analysis 
point, resulting in signi?cant loss of product that must be 
discarded or recycled. 

[0009] Conversely, using methods such as statistical 
analysis may also result in removing the polishing pad too 
soon, meaning that the full usable life of the polishing pad 
has not been obtained, resulting in the inef?cient use of 
consumable materials. Thus, this also results in undesirable 
and uneconomic business practices. 

[0010] What is needed is a system that can provide more 
ef?cient analysis of CMP polishing pads. What is also 
needed is a system that can analyZe CMP polishing pads 
Without removing the pad from the CMP machine. 

SUMMARY OF THE INVENTION 

[0011] The present invention meets these and other needs 
by providing an ultrasonic CMP pad analyZer that provides 
a manufacturer the ability to inspect a CMP polishing pad by 
creating and displaying a topographical image of an in 
service polishing pad Without removing the pad from the 
CMP machine. The analyZer periodically or continuously 
updates the image so that changes in the polishing pad 
surface can be vieWed in real-time. This permits a user of the 
analyZer to maximize polishing pad life, reduce labor time 
lost to researching and inspecting polishing pads, and alloWs 
the manufacturer to monitor product quality more closely 
and thus provide a more consistent end product. 

[0012] An ultrasonic CMP pad analyZer is disclosed. The 
analyZer comprises an ultrasonic transducer and an analyZer 
body. The analyZer body is con?gured to mount to a CMP 
machine having a polishing pad attached to a platen surface 
thereof and the ultrasonic transducer is positioned such that, 
When the analyZer body is mounted to the CMP machine, a 
sensor of the ultrasonic transducer is positioned to transmit 
ultrasonic signals toWard and receive ultrasonic signals 
re?ected from a surface of the polishing pad. 

[0013] Amethod of analyZing a CMP pad is disclosed. The 
method comprises transmitting an ultrasonic Wave from an 
ultrasonic transducer toWard a surface of a polishing pad 
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attached to a CMP machine and receiving ultrasonic signals 
re?ected from the polishing pad surface, resolving the 
re?ected ultrasonic signal from the surface of the polishing 
pad With the ultrasonic transducer, comparing the re?ected 
signal With a predetermined base signal, calculating a topog 
raphy of the polishing pad surface using the compared 
signals, displaying the topography of the polishing pad 
surface to a display device. 

[0014] A system for creating an image of a CMP pad is 
disclosed. The system comprises an ultrasonic CMP polish 
ing pad analyZer and a pad analysis station. The pad analyZer 
comprises an ultrasonic transducer and an analyZer body, 
Wherein the analyZer body is con?gured to mount to a CMP 
machine having a polishing pad attached to a platen surface 
thereof, and Wherein the ultrasonic transducer is positioned 
such that, When the analyZer body is mounted to the CMP 
machine, a sensor of the ultrasonic transducer is in a plane 
substantially parallel With a surface of the polishing pad. The 
pad analysis station comprises a processing machine, a 
memory device, a transmitter/receiver device, and a display 
screen. The processing machine is in electronic communi 
cation With the ultrasonic transducer and is con?gured to 
instruct the ultrasonic transducer, via the transmitter/re 
ceiver, to transmit ultrasonic Waves toWard the polishing pad 
surface. The processing machine is also con?gured to 
receive, via the transmitter/receiver, information contained 
in ultrasonic Waves re?ected by the polishing pad surface 
and is further con?gured to analyZe the information con 
tained in the received re?ected ultrasonic Waves to deter 
mine a topography of the polishing pad surface and display 
the determined topography as a visual image on the display 
screen. 

[0015] One advantage of the invention is that an ultrasonic 
pad analyZer in accordance With exemplary embodiments of 
the invention alloWs polishing pads for a CMP machine to 
be analyZed Without removing the pad from the machine. 

[0016] Another advantage of the invention is that the 
analysis can be visually displayed in realtime so that a 
person vieWing the display can inspect the polishing pad via 
the display and identify aberrations or Wear patterns that 
indicate the need for a polishing pad to be replaced. 

[0017] Yet another advantage of the invention is that 
maximum polishing pad life may be obtained and avoids the 
need to resort to statistical analysis, decreasing losses result 
ing from discarding polishing pads having useful life as Well 
as from discarding inferior ?nished product produced by 
untimely identi?cation and replacement of a Worn-out pol 
ishing pad. 

[0018] Still another advantage of the invention is that the 
time for determining Whether a polishing pad needs replaced 
is greatly reduced, restoring productivity of skilled Workers 
lost to timely alternative inspection methods. 

[0019] Another advantage of the invention is that a manu 
facturer of silicon Wafers, or other products that include 
CMP as part of the manufacturing process, can produce a 
product of more consistent quality and avoid variations 
caused by inconsistent polishing pad quality. 

[0020] Other features and advantages of the present inven 
tion Will be apparent from the folloWing more detailed 
description of the preferred embodiment, taken in conjunc 
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tion With the accompanying draWings Which illustrate, by 
Way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 illustrates a CMP machine having an ultra 
sonic pad analyZer in accordance With an exemplary 
embodiment of the invention. 

[0022] FIG. 2 is a perspective vieW of an ultrasonic pad 
analyZer in accordance With an exemplary embodiment of 
the invention. 

[0023] FIG. 3 is a perspective vieW of an ultrasonic pad 
analyZer mounted to a conditioning arm of a CMP machine. 

[0024] FIG. 4 is a perspective vieW of a portion of an 
ultrasonic pad analyZer illustrating axial alignment of the 
analyZer according to an exemplary embodiment of the 
invention. 

[0025] FIG. 5 is a block diagram of a polishing pad 
analysis station in communication With the transducer of the 
ultrasonic pad analyZer in accordance With exemplary 
embodiments of the invention. 

[0026] FIG. 6 is a ?oW chart illustrating a method for 
analyZing a polishing pad according to an exemplary 
embodiment of the invention. 

[0027] FIG. 7 is a perspective vieW of the underside of the 
Water outlet portion of the analyzer body. 

[0028] FIG. 8 is a sectional vieW of the Water chamber 
illustrating the transducer disposed therein. 

[0029] FIG. 9 is an exemplary screen shot illustrating one 
manner in Which the pad analysis station may display the 
results obtained using the ultrasonic pad analyZer. 

[0030] For clarity, it has been attempted to use like numer 
als Where like parts are referenced With respect to more than 
one draWing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Referring to FIG. 1, a chemical mechanical pol 
ishing (CMP) machine 10 includes a rotatable table 12 
having a platen surface 13 on Which a polishing pad 18 
having a polishing pad surface 19 is mounted. A Workpiece 
16, such as a semiconductor Wafer to be polished, is posi 
tioned above the polishing pad 18, such as through the use 
of a holder 14 or other similar device. 

[0032] The polishing pad 18 and the holder 14 may be 
independently rotated at pre-determined rates and the Work 
piece 16 may be loWered against the polishing pad surface 
19 by applying a variable load to the holder 14, depending 
on the amount of polishing desired for a particular Work 
piece. A liquid is distributed over the polishing pad surface 
19, such as through a slurry feeder 24 positioned over the 
polishing pad 18. The liquid occupies the space betWeen the 
Workpiece 16 and the pad 18 during operation. Typically, the 
liquid contains a colloidal suspension of abrasive particles, 
such as alumina or silica, as Well as speci?c chemicals 
chosen for polishing. The holder 14 is brought doWn on the 
pad With a speci?c load as both the holder 14 and pad 18 are 
rotated. Material is removed from the Workpiece 16 surface 
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by a combined action of chemical dissolution and abrasion, 
all in accordance With Well-knoWn CMP machine operation. 

[0033] Also in accordance With Well-knoWn CMP opera 
tion the CMP machine 10 may include a conditioning arm 20 
having a conditioning pad 22 attached thereto. The condi 
tioning pad 22 includes a conditioning surface 23 for con 
tacting and conditioning the polishing pad surface 19. The 
conditioning pad 22 typically includes ?ne diamond or other 
?ne grit bonded to the conditioning surface 23 of a suitable 
pad material, Which pad 22 is then attached to a rotating disc 
on the conditioning arm 20. The conditioning pad 22 
traverses the polishing pad 18, reneWing the polishing pad 
surface 19 and restoring polishing pad performance. More 
speci?cally, the conditioning arm 20 can be pivoted such 
that the conditioning pad 22 is disposed over different 
portions of the polishing pad 18 such that the conditioning 
surface 23 of the conditioning pad 22 is in contact with 
different portions of the polishing pad surface 19. This 
enhances the effectiveness of the polishing pad 18 for use in 
polishing the Workpiece 16. HoWever, conditioning removes 
still more material from the polishing pad surface 19 so that 
over time the polishing pad 18 is sloWly ground aWay, thus 
shortening the polishing pad’s usable life. 

[0034] According to exemplary embodiments of the 
invention, the CMP machine 10 includes an ultrasonic pad 
analyZer 50. The ultrasonic pad analyZer 50 provides a user 
or other observer an ability to inspect the e?icacy of a 
particular polishing pad 18 While still attached to the pol 
ishing machine 10. This facilitates changing the polishing 
pad 18 When it actually needs replaced and avoids basing 
pad replacement determinations on methods that do not 
adequately account for aberrant or uneven Wear patterns of 
any single polishing pad. 

[0035] Preferably, the ultrasonic pad analyZer 50 permits 
real-time analysis of the polishing pad surface 19, such as by 
generating and displaying a topographical or relief diagram 
or map of the polishing pad surface 19 on a display screen 
associated With a pad analysis station 55 in electronic 
communication With the ultrasonic pad analyZer 50. A user 
can monitor the displayed image and thus inspect the pad 18 
to determine When the Wear of the pad is approaching a 
predetermined minimum thickness or variations in thick 
ness, for example, that suggest the polishing pad 18 has 
reached the end of its useful life and should be replaced. The 
pad analysis station 55 may further be con?gured to auto 
matically detect and alert a user that the polishing pad 18 
should be replaced based on a predetermined minimum 
thickness, predetermined unacceptable variations in thick 
ness, or other any other predetermined indicia associated 
With the polishing pad 18 approaching or having reached the 
end of its useful life. 

[0036] Referring noW to FIG. 2, the ultrasonic pad ana 
lyZer 50 comprises an ultrasonic transducer 100 and an 
analyZer body 105. The analyZer body 105 includes a Water 
chamber 110 in Which the transducer 100 is at least partially 
disposed. The ultrasonic transducer is preferably an immer 
sion transducer, meaning that the Working medium betWeen 
a sensor lens 102 (shoWn in FIG. 8) of the transducer 100 
and the test material, ie the polishing pad surface 19, 
through Which transmitted and re?ected ultrasonic signals 
travel, is a liquid. Typically, a transducer 100 is selected 
having a frequency or range of frequencies betWeen about 2 
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MHZ and about 150 MHZ. The particular frequency to be 
used and thus the transducer selected may depend on a 
number of user speci?c factors such as the porosity of the 
polishing pad 18 and the desired resolution of the data 
obtained. 

[0037] It Will be appreciated that although exemplary 
embodiments of the invention are discussed With respect to 
a transducer 100 illustrated as a single device, the transducer 
for use With exemplary embodiments also encompasses 
multiple transducer devices arranged in a “pitch-catch” 
(transmit-receive) con?guration, as is knoWn to those of 
ordinary skill in the art, in Which one transducer is typically 
responsible only for transmitting ultrasonic pulses While a 
separate transducer is dedicated to receiving the re?ection 
signals. 
[0038] Fluctuations in liquid level can result in a destabi 
liZed ultrasonic signal transmitted and received by the 
transducer 100, resulting in undesirable operation and poor 
data results. The liquid medium preferably completely ?lls 
all space betWeen the transducer sensor lens 102 and the 
polishing pad surface 19. To avoid the potential problem 
caused by liquid ?uctuation and to ensure that the liquid 
medium completely ?lls the space through Which the pulsed 
ultrasonic Waves travel, the transducer 100 is at least par 
tially disposed in the Water chamber 110 so that the sensor 
lens 102 is completely submerged to ensure that the immer 
sion transducer 100 is operating in a su?icient amount of 
liquid. Additional liquid, typically in the form of Water, is 
supplied to the transducer via an external Water line 115, as 
better seen in FIG. 3. More typically, the additionally 
supplied Water is de-ioniZed (“DI”) Water. 

[0039] The Water line 115 passes from an external Water 
source, to Which it is connected on one end, to an outlet near 
the Water chamber on the other end. As better seen With 
reference to FIG. 7, the Water line 115 directs Water to a 
Water outlet portion 119 of the analyZer body 105, Which 
may be facilitated by a Water line ?tting 117 that mates With 
the analyZer body 105. The Water outlet portion 119 contains 
one or more Water outlets 118, Which may be arranged in a 
shoWer-head fashion for even distribution of Water. 

[0040] The Water outlet(s) 118 direct Water into the Water 
chamber 110 such that it ?oWs over, and is evenly distributed 
around, the transducer 100. The Water then merges With the 
Water or slurry composition supplied by the slurry feeder 24 
to the rotating polishing pad 18. This additional ?oW of 
Water helps create a plenum of liquid that assists in stabi 
liZing the ultrasonic signal during operation of the analyZer 
50. 

[0041] Depending on the type of Workpiece 16 being 
polished on a CMP machine 10, in some circumstances a 
rougher, more porous polishing pad 18 may be used, While 
in other circumstances, a smoother, less porous pad 18 may 
be used instead. As a result, it may be desirable to provide 
multiple transducers interchangeable With the analyZer 50 so 
that a particular transducer can be matched With a particular 
type or style of polishing pad With Which it is Well suited 
based on the pad’s roughness and porosity. TWo transducers 
may be provided in Which the transducers are interchange 
able depending on Whether the polishing pad is rough or 
smooth. 

[0042] A smooth surface re?ects an ultrasonic signal more 
strongly than a rough surface. A rougher surface results in 
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more scattering of the ultrasonic signal and thus produces a 
received or returned signal With lower amplitude. As used 
herein, “rough” pads refer to pads that are characterized by 
surfaces Which substantially scatter frequencies above 50 
MHZ. “Smooth” pads do not result in as much scattering of 
the incident ultrasound Wave and therefore alloWing the 
opportunity for evaluation at higher frequencies. Thus, a 
transducer of loWer frequency is preferable for more porous, 
rougher pads While a higher frequency transducer may be 
used on less porous, ?ner pads. 

[0043] The ultrasonic pad analyZer 50 can be positioned at 
any location such that the ultrasonic transducer 100 is 
positioned over the polishing pad 18 and preferably should 
be mounted in a manner that does not unduly obstruct 
movement of the conditioning arm 20 or other components 
important to the polishing operations of the CMP machine 
10. Again referring to FIG. 3, the analyZer 50 may be 
conveniently mounted on an interior side of the conditioning 
arm 20 of the CMP machine 10, i.e., the side of the 
conditioning arm 20 closest to the axis of rotation of the 
table 12 and polishing pad 18, although the analyZer 50 may 
be modi?ed to mount to any type of CMP machine 10. 

[0044] The ultrasonic pad analyZer 50 may be constructed 
such that it is capable of numerous mechanical adjustments 
for use in a variety of different CMP applications. According 
to one embodiment of the invention, the ultrasonic pad 
analyZer 50 includes a means for aligning the ultrasonic 
transducer 100 so that the sensor lens 102 is better posi 
tioned to detect ultrasonic signals transmitted by the trans 
ducer 100 and re?ected back by the polishing pad surface 
19. Typically, the ultrasonic pad analyZer is positioned so 
that the sensor lens 102 is in a plane substantially parallel 
With the polishing pad surface 19. According to another 
embodiment of the invention, the analyZer 50 includes 
means for adjusting the transducer 100 in the Z-direction to 
adjust the distance betWeen the transducer 100 and the 
polishing pad surface 19. As best seen in the sectional vieW 
of the Water chamber 110 shoWn in FIG. 8, the transducer 
100 is secured to the Water chamber 110 so that adjustments 
made to the analyZer body 105 (FIGS. 2 and 3) result in 
corresponding adjustments to the transducer 100. By Way of 
example only, the transducer 100 may be secured by a 
bracket 112, machined in or otherWise connected to the 
Water chamber 110, and one or more set screWs 113. 

[0045] Alignment and positioning of the ultrasonic trans 
ducer 100 With respect to the plane of the polishing pad 
surface 19 is accomplished by rotating portions of the 
analyZer body 105 With respect to other portions of the 
analyZer body 105. More speci?cally, portions of the ana 
lyZer body 105 are adjusted to arc about either one or both 
of the x and y axes. The adjustments may provide the 
transducer With a range of motion of up to about 10 degrees 
from normal in any direction. The adjustments may be in 
increments as small as one minute or smaller, to permit 
nearly any position Within a cone of about 20 degrees thus 
providing better resolution of the re?ected signal. 

[0046] The rotation about each of the x and y axis may be 
accomplished in any suitable manner. As illustrated in FIG. 
4, a mounting portion 52 of the analyZer 50 is rigidly 
attached to the conditioning arm 20. The mounting portion 
52 is connected to a ?rst alignment portion 54 via a ?rst 
alignment axle (not shoWn) that is oriented parallel With the 
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x-axis. Likewise, the mounting portion 52 is connected to a 
second alignment portion 56 via a second alignment axle 
(also not shoWn). The alignment axles may be sturdy rods 
constructed of any suitable material and are typically driven 
by one or more gears rotated manually, or automatically, 
such as through instructions provided by a computer. 

[0047] Alignment typically occurs over a speci?ed target 
that strongly re?ects ultrasonic signals. Any material that 
provides an adequate signal With respect to amplitude and 
frequency response can be used as the target. Typically, 
target materials possess an acoustic impedance much higher 
than Water. A polished stainless steel surface, such as the 
platen surface underlying the polishing pad is an example of 
a suitable target. The primary purpose of the target is to 
provide a reference signal to determine if the transducer 
needs to be realigned. The target may be located at a home 
position of the conditioning arm 20, in Which the condition 
ing arm is pivoted aWay from the polishing pad 18. 

[0048] Once the analyZer 50 has been properly aligned 
With the polishing pad surface 19 to achieve a maximum 
re?ected value of the ultrasonic signal from the transducer 
100, the value of the re?ected signal is recorded in a memory 
of the pad analysis station 55 as a base signal for later use 
in the analysis of the polishing pad 18 as described in more 
detail beloW. The analyZer is preferably properly aligned 
upon initial installation and typically does not need subse 
quent realignment except for minor adjustments Which may 
be desirable at predetermined maintenance intervals. 

[0049] It should be appreciated that variations may exist in 
the machining tolerances of the CMP machine 10 and/or 
those of the ultrasonic pad analyZer 50. As a result, accord 
ing to another exemplary embodiment of the invention, in 
addition to rotation about the x and y axes, the ?rst and 
second alignment portions 54, 56 may also be adjusted in an 
axial manner to compensate for any such machining changes 
to further align and position the transducer 100 at a desired 
location With respect to the polishing pad 18. 

[0050] According to another embodiment of the invention, 
the ultrasonic pad analyZer 50 is mechanically con?gured to 
permit movement of the ultrasonic transducer 100 along the 
Z-axis. Z-axis movement permits the transducer 100 to be 
adjusted to a desired distance from the alignment target 
and/or the polishing pad surface 19. In some cases, a Worn 
polishing pad 18 may be replaced With one of a different 
thickness. This in turn results in a change in the distance 
betWeen the sensor lens 102 of the transducer 100 and the 
polishing pad surface 19 that may require readjustment for 
proper performance When the CMP machine 10 and analyZer 
50 are returned to operation. The typical height betWeen the 
Water chamber 110 and the polishing pad surface 19 is about 
2 mm to about 3 mm, although smaller and larger heights 
could also be used Without serious adverse effects. Referring 
again to FIG. 8, the transducer 100 may optionally be 
secured to the Water chamber 110 in such a manner that the 
transducer 100 is further recessed from the polishing pad 
surface 19, such that the transducer 100 is about 0 mm to 
about 2 mm farther from the polishing pad surface 19 than 
the Water chamber, or a total of about 2 mm to about 5 mm 
above the polishing pad surface 19. 

[0051] Adjusting the analyZer 50 in the Z direction also 
permits the transducer 100 to rise out of the Way When not 
in use. For example, the transducer may need an adjustment 
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in the Z direction in order for a technician to access the 
polishing pad 18 for replacement or at other times When the 
transducer 100 it is not physically accessible for a manual 
adjustment. Furthermore, due to the intricate adjustments 
often necessary to obtain precise and accurate readings, the 
Z-axis adjustment preferably occurs via a computer-con 
trolled connection. According to a preferred embodiment of 
the invention, the Z-axis motion is accomplished by an 
electrical linear actuator With a small step siZe, typically on 
the order of about 10 um, although larger and smaller step 
siZes are acceptable. 

[0052] The environment surrounding the pad analyZer 50 
is typically harsh, due to vibration of the CMP machine 10 
and the nature of the composition of the liquid slurry, both 
of Which are typically present during operation. As a result, 
Working mechanical parts, such as the alignment axles, and 
electrical devices, such as the linear actuator, may be pro 
tected from the surrounding environment by housing them 
Within the analyZer body 105. More speci?cally, the linear 
actuator may be contained Within an actuator housing 120, 
While a motor used to drive the actuator and optionally the 
alignment axles, may be contained Within a motor housing 
130. 

[0053] The actuator housing 120 is connected to the Water 
chamber 110 via a connecting arm 125, such that When the 
linear actuator is activated, the actuator housing 120 extends 
toWard or aWay from the motor housing 130 in the Z-direc 
tion, causing the Water chamber 110, and thus the transducer 
100, to also raise or loWer. 

[0054] In addition to the external Water line 115 discussed 
previously, other cables and lines from a source external to 
the CMP machine 10 may be connected to the pad analyZer 
50. Exemplary cables may include a cable to carry poWer to 
the motor in the motor housing 130 and a cable connected 
betWeen the transducer 100 and the pad analysis station 55 
to and from Which information regarding ultrasonic signals 
is transmitted and received. 

[0055] In some cases, the relative siZes of the CMP 
machine 10 and the polishing pad 18 may present spatial 
restraints on the movement of various Working parts of the 
CMP machine 10, such as the holder 14 or conditioning arm 
20 for example, that may be further constrained by the use 
of the ultrasonic pad analyZer 50 positioned over the pol 
ishing pad 18. To reduce the impact of any spatial restraints 
introduced by the ultrasonic pad analyZer 50, the pad ana 
lyZer 50 may be con?gured to facilitate management of 
external lines so that buckling or bending of the lines does 
not interfere With or get in the Way of the CMP machine’s 
polishing operations. Preferably, any external lines pass 
through one or more channels provided in the analyZer body 
105 that permit direct delivery of those lines to their 
intended destination. Cables carrying electronic signals may 
comprise a single cable bundle 133 that passes from an 
external source to a suitable connection point on the pad 
analyZer 50 via a conduit 135. 

[0056] Referring noW to FIG. 5, the transducer 100 is in 
electronic communication With a pad analysis station 55, 
Which is typically a CPU or other processing machine 510 
having softWare loaded thereon that, When executed, causes 
a pulse in a transmitter/receiver device 520 to send ultra 
sonic signals from the transducer 100. Upon detection of any 
re?ected signals from the polishing pad surface 19, the 
detected signal is passed backed to the pad analysis station 
55. Accordingly, after the transducer has been properly 
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aligned and has been adjusted to the proper height along the 
Z-axis, the pad analyZer 50 can be used during CMP machine 
polishing operations to send and receive ultrasonic signals 
consistent With basic principles of ultrasonic detection that 
are then passed to the pad analysis station 55 for use in 
analyZing the Wear of the polishing pad 18 and changes in 
the polishing pad surface 19 for display to a user via a 
display screen 500. The pad analysis station further com 
prises a memory device 515 for storing the base signal and 
may store any other data for use by the comparison and other 
analysis conducted by the processing machine 510. The 
memory device may be any suitable device for the electronic 
storage of information. 

[0057] The transducer 100 may be Wired directly to the 
pad analysis station 55 using a single cable. Although the use 
of multiple cables and/or additional electrical and mechani 
cal connections is not precluded, introducing such devices 
may degrade the transmitted/received signal to an unsatis 
factory level. 

[0058] According to yet another embodiment of the inven 
tion, a method for analyZing a polishing pad using an 
ultrasonic pad analyZer 50 is provided as illustrated in FIG. 
6. At step s10, the processor 510 at the pad analysis station 
55 instructs the transmitter 520 to send an ultrasonic signal. 
The transducer 100 operates by converting an electrical 
pulse into a mechanical pulse by vibrating the sensor or 
crystal, thereby transmitting a mechanical pulse at ultrasonic 
frequency through the polishing pad. A mechanical signal 
striking the sensor or crystal from the polishing pad causes 
the sensor to mechanically vibrate, Which in turn is con 
verted to an electrical pulse. 

[0059] In response to an instruction, the transmitter 520 
sends an electric signal that excites the transducer 100 at step 
s20, causing the transducer 100 to transmit an ultrasonic 
pulse. The ultrasonic pulse strikes the polishing pad surface 
19 and re?ects back to the sensor lens on the transducer 100. 
The transducer 100 detects the re?ected ultrasonic signal at 
s30, thus receiving information about the topography of the 
polishing pad surface 19 in the form of a re?ected ultrasonic 
pulse by determining the amount of time it takes for the 
transmitted signal to return and by determining the ampli 
tude of the re?ected pulse. 

[0060] The received information is passed to a receiver 
520 at step s40. The receiver may be the same device as the 
transmitter, con?gured to operate in a dual role as both a 
transmitter and a receiver as is knoWn in the art. As 
discussed, the re?ected ultrasonic signal detected by the 
transducer 100 is in the form of mechanical Waves, i.e., an 
analog form. Thus, at step s50, an analog-to-digital con 
verter, Which may further be part of the transmitter/receiver 
device 520, converts the received analog signal into digital 
information usable by the processing machine 510. 

[0061] At step s60, the converted digital signal is analyZed 
by the processing machine 510 according to one or more 
algorithms depending on the type of information being 
requested by a user, Which is then displayed to the pad 
analysis station display screen 500 at step s70. As the 
polishing pad 18 is used, the polishing pad surface 19 
changes as parts of the pad are sloWly Worn aWay. By 
comparing the amplitude of and time to receive detected 
signals re?ected from the polishing pad surface 19 to that of 
the previously recorded maximum determined during initial 
alignment, the processing machine is able to calculate 
changes in the distance from the transducer 100 to the 
polishing pad surface 19. Using this distance information, 
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the processing machine 510 compiles a topography of the 
polishing pad surface 19 that can be displayed to a user in 
the form of a relief map. 

[0062] The relief map may be visually inspected by a user 
to determine Whether the information provided by the pad 
analyZer 50 suggests a polishing pad 18 is in need of 
replacement. Elevations of the pad surface may advanta 
geously be color coded for a user to more easily inspect pad 
Wear When vieWing the display screen 500. Additionally, or 
in combination, the processing machine 510 may be pro 
vided With one or more predetermined logical rules, Which 
if met, result in Warnings displayed to the user to automati 
cally alert the user that a polishing pad 18 is in need of 
replacement. For example, the pad analysis station 55 may 
be programmed in such a manner that if the processor 510 
calculates that the polishing pad 18 is Worn doWn to a 
pre-determined minimum thickness, a Warning Will be dis 
played to the user alerting the user that the polishing pad is 
in need of replacement. By Way of further example, pitting 
and uneven or other unacceptable Wear patterns may 
develop that are evidenced, for example, by extreme 
changes in elevation over a portion of the polishing pad 
service. If these changes are outside of a predetermined 
tolerance, for example greater than a predetermined slope, a 
Warning may again be displayed to the user identifying the 
need for a change in polishing pads. A screen shot shoWing 
one example of hoW the pad analysis station may display the 
relief map of the polishing pad is shoWn in FIG. 9. 

[0063] As a result, maximum polishing pad life can be 
achieved by analysis of the actual polishing pad 18 installed 
on the CMP machine 10, Without resorting to statistical 
analysis and Without the risk that a polishing pad Will be 
removed With useful life remaining or that a polishing pad 
of aberrant quality that Wears out earlier than expected Will 
result in signi?cant amounts of lost product. 

[0064] While the invention has been described With ref 
erence to a preferred embodiment, it Will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof Without 
departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation or 
material to the teachings of the invention Without departing 
from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention Will include all 
embodiments falling Within the scope of the appended 
claims. 

1. An ultrasonic chemical mechanical polishing (“CMP”) 
machine polishing pad analyZer comprising: 

an ultrasonic transducer; and 

an analyZer body, Wherein the analyZer body is con?gured 
to mount to a CMP machine having a polishing pad 
attached to a platen surface thereof, and Wherein the 
ultrasonic transducer is positioned such that, When the 
analyZer body is mounted to the CMP machine, the 
ultrasonic transducer is positioned to transmit and 
receive re?ected ultrasonic signals from a surface of the 
polishing pad to analyZe a pre-selected feature of pad. 

2. The analyZer of claim 1, further comprising means for 
aligning the sensor of the ultrasonic transducer in a plane 
substantially parallel With the polishing pad surface. 

3. The analyZer of claim 2, Wherein the means for aligning 
the ultrasonic transducer in a plane parallel With the polish 
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ing pad comprises a device for rotating the transducer With 
respect to the x-axis and a device for rotating the transducer 
With respect to the y-axis. 

4. The analyZer of claim 1, further comprising means for 
adjusting the ultrasonic transducer along the Z-axis to 
modify a distance betWeen the ultrasonic transducer and the 
polishing pad. 

5. The analyZer of claim 4, Wherein the means for 
adjusting the ultrasonic transducer along the Z-axis com 
prises a linear actuator. 

6. The analyZer of claim 5, Wherein the linear actuator is 
contained Within an actuator housing portion of the analyZer 
body. 

7. The analyZer of claim 1, Wherein the analyZer body 
comprises a Water chamber, Wherein the ultrasonic trans 
ducer is at least partially disposed in the Water chamber. 

8. The analyZer of claim 7, further comprising an external 
Water line con?gured to deliver Water to the Water chamber 
from a source external to the analyZer body. 

9. The analyZer of claim 1, Wherein the analyZer body is 
mounted to a conditioning arm of the CMP machine. 

10. A method for analyZing a CMP polishing pad surface 
comprising: 

transmitting an ultrasonic Wave from an ultrasonic trans 
ducer toWard a surface of a polishing pad attached to a 
CMP machine; 

receiving a re?ected ultrasonic signal from the surface of 
the polishing pad With the ultrasonic transducer; 

analyZing the received re?ected signal comparing the 
received re?ected signal With a predetermined base 
signal; 

calculating a topography of the polishing pad surface 
using the compared signals; and 

displaying the topography of the polishing pad surface to 
a display device. 

11. The method of claim 10, Wherein the step of compar 
ing further comprises receiving the re?ected ultrasonic sig 
nals in analog form from the ultrasonic transducer; and 

converting the received analog signals to digital informa 
tion. 

12. The method of claim 10, Wherein the base signal is a 
previously determined signal corresponding to transmitting 
an ultrasonic signal from the ultrasonic transducer toWard a 
predetermined target and receiving, at the ultrasonic trans 
ducer, a re?ected ultrasonic signal from the surface of the 
predetermined target. 

13. The method of claim 10, Wherein calculating a topog 
raphy comprises determining a distance from the ultrasonic 
transducer to the polishing pad surface at a plurality of 
points on the polishing pad surface. 

14. The method of claim 13, further comprising using the 
determined distance from the ultrasonic transducer to the 
polishing pad surface for at least one point on the polishing 
pad surface to calculate a polishing pad thickness at the least 
one point. 

15. The method of claim 14 further comprising comparing 
the calculated polishing pad thickness to a pre-determined 
minimum polishing pad thickness. 
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16. The method of claim 15 further comprising alerting a 
user if the calculated polishing pad thickness is equal to or 
less than the pre-determined minimum polishing pad thick 
ness. 

17. The method of claim 10 further comprising displaying 
the topography of the polishing pad surface to the display 
device in substantially real-time. 

18. A system for creating an image of a CMP polishing 
pad comprising: 

an ultrasonic CMP polishing pad analyZer comprising: 

an ultrasonic transducer; and 

an analyZer body, Wherein the analyZer body is con 
?gured to mount to a CMP machine having a pol 
ishing pad attached to a platen surface thereof, and 
Wherein the ultrasonic transducer is positioned such 
that, When the analyZer body is mounted to the CMP 
machine, the ultrasonic transducer is in a plane 
substantially parallel With a surface of the polishing 
pad; and 

a pad analysis station comprising: 

a processing machine; 

a memory device; 

a transmitter/receiver device; and 
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a display screen; Wherein the processing machine is in 
electronic communication With the ultrasonic trans 
ducer and Wherein the processing machine is con?g 
ured to instruct the ultrasonic transducer, via the trans 
mitter/receiver, to transmit ultrasonic Waves toWard the 
polishing pad surface, Wherein the processing machine 
is con?gured to receive, via the transmitter/receiver, 
information contained in ultrasonic Waves re?ected by 
the polishing pad surface, and Wherein the processing 
machine is con?gured to analyZe the information con 
tained in the received re?ected ultrasonic Waves to 
determine a topography of the polishing pad surface 
and display the determined topography as a visual 
image on the display screen. 

19. The system of claim 18 Wherein the processing 
machine is con?gured to analyZe the information contained 
in the sensed re?ected ultrasonic Waves to determine a 
topography of the polishing pad surface and display the 
determined topography as a visual image on the display 
screen in real time. 

20. The system of claim 18 Wherein the ultrasonic pad 
analyZer comprises means for aligning the ultrasonic trans 
ducer in the plane substantially parallel With the polishing 
pad and means for adjusting the ultrasonic transducer along 
the Z-aXis. 


